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Supplementary Text
Supplementary Text 1: Partitioning of molecular markers. We used the software Concaterpillar v.1.7.2 (Leigh et al. 2008) to test for discordant evolutionary histories of the markers included in our data set. Here, and for all other phylogenetic analyses, the four mitochondrial alignments were concatenated and considered as a single marker. The Concaterpillar analysis was performed with default settings and assuming a GTR model of evolution, the only model of nucleotide substitutions available in the software. For tree inference, Concaterpillar was set up to use RAxML v.7.2.8 (Stamatakis 2006) .
We found no significant discordance among nuclear markers. However, different evolutionary histories were detected for the concatenated nuclear alignment and the combined mitochondrial marker set (likelihood ratio test based on non-parametric bootstrapping; P ¡ 0.001). For the two sets of concordant markers, and for all individual markers, we conducted separate analyses with the software PartitionFinder v.1.1.1 (Lanfear et al. 2012) in order to determine the best-fitting partitioning schemes according to the Bayesian Information Criterion (BIC). In each analysis, primary data blocks were defined within marker sets according to gene and codon position. We used PartitionFinders greedy algorithm and assumed unlinked branch lengths for individual partitions. In separate analyses, we allowed PartitionFinder to test all substitution models available in BEAST, or the HKY+Gamma model only.
Regardless of whether all substitution models available in BEAST, or only the HKY+Gamma model was tested, PartitionFinder always identified two partitions in both the concatenated mitochondrial marker set and the combined nuclear marker set, where the first partition always grouped all first and second codon positions, and the second partition included third codon positions and, for the nuclear marker set, the intronic marker s7. In all analyses of individual nuclear markers, however, PartitionFinder identified only a single partition combining all codon positions.
Thus, all BEAST analyses (see Supplementary Text 2) with linked gene trees were performed with four partitions: mtdna cp12 for the first two codon positions of mitochondrial markers (2272 bp), mtdna cp3 for the third codon position of mitochondrial markers (1136 bp), nuclear cp12 for the first and second codon position of all nuclear markers (2912 bp), and nuclear cp3 for the third position of nuclear markers as well as s7 (1964 bp) . In these analyses, parameters of substitution and clock models were unlinked among partitions. For BEAST analyses with unlinked gene trees (i.e. the *BEAST approach), we allowed individual gene trees for each nuclear marker, and defined a single partition per nuclear marker, as suggested by the results of our PartitionFinder analyses. Thus, we used nine partitions for BEAST analyses with unlinked gene trees: mtdna cp12 and mtdna cp3 as above, plus myh6 (705 bp), PTCHD4 (702 bp), enc1 (801 bp), tbr1b (618 bp), rps7 (508 bp), zic1 (837 bp), and snx33 (705 bp).
Supplementary Text 2: Species tree reconstruction. Bayesian species tree reconstructions were performed with BEAST v.2.1 under a wide range of models and with both linked and unlinked (i.e. the multi-species coalescent model of *BEAST; Heled & Drummond 2010 ) gene trees for individual markers. Within each sification rates. Using a pure-birth (Yule) model, we simulated 1000 phylogenies with the same age, and conditioned on the same extant species richness of (i) the Antarctic clade, or (ii) all Notothenioidei. In both cases, distributions of simulated root ages directly reflected ages of these two groups in the posterior sample of 1000 trees resulting from the BEAST analysis with the combined data set and the best-supported model combination. Simulations were performed with speciation rates λ drawn from wide uniform distribution between (i) 0.1 and 0.45 per myr, or (ii) between 0.02 and 0.2 per myr, and only those trees were retained that resulted in exactly (i) 123 or (ii) 134 extant species. In both cases, simulations were repeated until a total of 1000 phylogenies were found fulfilling these criteria. In order to account for unobserved extinction, we also repreated all simulations with a birth-death model, using a fixed extinction rate µ of 0.2 per myr, and correspondingly higher speciation rates λ between (i) 0.3 and 0.65 per myr, or (ii) 0.22 and 0.4 per myr, to result in the same net diversification rates as in the above Yule models.
All simulated phylogenies were subsequently sampled to match the number of representatives of (i) the Antarctic clade (45 species), or (ii) all Notothenioidei (49 species) included in our data set. For each phylogeny, this was performed according to two different sampling schemes: a random sampling scheme and a previously undescribed sampling scheme that tends to retain more older nodes than strictly random sampling. The incentives behind this sampling scheme are similar to those of the "diversified sampling" scheme of Höhna et al. (2011) , which choses tips of a phylogeny so that diversity is maximized, and as a result samples all nodes in a phylogeny between its root and the time point at which the number of lineages matches that of sampled tips. Höhna et al. (2011) found this sampling scheme to provide a better fit to most phylogenies, as systematists usually attempt to include early-diverging lineages in their taxon sets (Cusimano & Renner 2010) . However, at the stage at which systematists compile their taxon sets, the relative ages of lineages may be poorly known, or older lineages may be rare and difficult to sample. Thus, most empirical phylogenies may be more bottom-heavy than randomly sampled phylogenies, but not as bottom-heavy as phylogenies sampled according to the diversified sampling scheme.
Our notothenioid phylogeny is likely to fit this pattern. Like previous authors Rutschmann et al. 2011; Near et al. 2012) , we deliberately departed from a random sampling scheme by including representatives of all major lineages, even if their extant diversity is low, as is the case of Eleginopidae and Pseudaphritidae. However, not all of the oldest lineages could be sampled, as for example samples of Halaphritis and Gvozdarus could not be obtained. Thus, our empirical taxon sampling is intermediate between random and strictly diversified sampling of Notothenioidei, and as a consequence, an intermediate "semi-diversified" sampling scheme is likely to provide the best fit to our phylogeny. While not exploring the mathematical properties of this semi-diversified sampling scheme in detail (as done by Höhna et al., 2011 , for the diversified sampling scheme), we describe an algorithm to apply this scheme in Supplementary Text 4.
For all empirical and simulated phylogenies, we calculated Kendall-Moran estimates of diversification rates in each of the five time intervals using b = (n − m)/B, where n and m are the number of species extant at the beginning and end of the time interval, and B is the sum of all branch lengths within this interval (Becerra 2005) . Densities of interval-specific diversification rate estimates in empirical and simulated phylogenies, as well as point estimates for the MCC tree and the tree resulting from rerunning the best-supported model in BEAST with the topological constraint of the MP-EST species tree, are shown in Supplementary Figure 7 .
Supplementary Text 4:
The semi-diversified sampling scheme. Let n be the number of extant species, m be the number of sampled extant species, and t root the root age of a reconstructed tree. Then the number of sampled nodes is m − 1, and if the tree was fully sampled (m = n), it would be n − 1. In the diversified sampling scheme of Höhna et al. (2011) , m species are sampled to maximize phylogenetic diversity, so that precisely the oldest m − 1 nodes are present in the sampled tree. Thus, in this model, the probability p that a node is included in the sampled tree is 1 for the m − 1 oldest nodes, and 0 for the n − m younger nodes. However, for reasons explained in Supplementary Text 3, it is common that in empirical phylogenies, the realized sampling differs from the diversified sampling scheme so that some of the oldest m − 1 nodes are missing, but some of the youngest n − m nodes are present in the sampled tree. Among the oldest m − 1 nodes, the younger ones are more likely to be missing, whereas among the youngest n − m nodes, the older ones are more likely to be included. The probability that nodes are included in the sampled tree may thus be assumed to increase continuously with node age. Furthermore, the sampling probability of nodes with age t node = 0 is 0, and for simplicity, we may assume that nodes with age t root (the root only) are sampled with probability 1.
Thus, we here define the semi-diversified sampling scheme so that nodes are selected at random with uniform probability, and once selected, they are chosen to be sampled with acceptance probability p a (t) = t node troot . If a node is chosen to be sampled, one extant species is sampled randomly from the extant descendents of both sides of this node, so that the selected node necessarily appears in the sampled tree. This process is repeated until m extant taxa have been sampled. If a selected node is already present in the sampled tree (i.e. both of its descendent lineages are already represented in the list of sampled species), a new node is selected at random. In this model, the root node is sampled with probability p a = 1 once it is selected, and it is automatically included in the sampled tree if the next-oldest nodes in both of its descendent lineages are sampled. However, this still leaves a small probability that it is not sampled in the case that it has not been selected before m extant species are sampled and if the next-oldest nodes in at least one of its descendent lineages is not sampled. Thus, for convenience, we may want to ensure that the root is included in the sampled tree. We can do this by sampling at random one extant species from each side of the root as the very first step of this process (if m > 1).
The effective sampling probability p s (t) that a node of age t is present in the sampled tree is different from the acceptance probability p a (t) for several reasons: First, the process is repeated multiple times until m extant species are sampled, so that nodes that were not sampled previously, can be selected again, and are then again sampled with probability p a (t). Second, even nodes that are not sampled directly can be included in the sampled tree if the next-oldest nodes in both of their descendent lineages are sampled. This will lead to an increase of the effective sampling probability in older nodes (only if m > 2). The effective sampling probability thus depends on the probability that a node is selected (however, this probability is here assumed uniform), on the acceptance probability p a (t) that a node is sampled once it is selected, and on the probability that the next-oldest nodes in both descending lineages are chosen. The effective sampling probability further depends on m and n, because the process is repeated until m extant species are sampled. Thus, the effective sampling probability of a single node is also influenced by the probabilities of all other nodes, because if the other nodes' probabilities are low, the process will have to be repeated more often before m extant species are sampled. This means that a node's effective sampling probability is dependent not only on its own age, but also on the ages of all other nodes, and thus on the node age density. In a reconstructed continuous-rate birth-death process, conditioned on root age t root and extant number of species n, this density is known from Gernhard (2008) and depends on speciation rate λ and extinction rate µ. Thus, calculation of the effective sampling probability may in principle be possible, but is not required in order to apply the semi-diversified sampling scheme, as long as we know that p s (t) has the desirable properties of, (i) p s (t root ) = 1, (ii) troot 0 p s (t) = m, and (iii) continuous increase with t for 0 ≤ t < t root . Properties i and ii are guaranteed, as (i) descendents from both sides of the root are sampled as a first step, and (ii) nodes can be sampled at most once, but the process is repeated until exactly m extant species are sampled. Without a proof, property iii is also assumed to be fulfilled, as p a (t) is continuously increasing with t for 0 ≤ t < t root and older nodes tend to have older descendants, which in turn increases the probability that these are accepted for sampling.
Supplementary Figures
Supplementary Figure 1 : Landmarks used for geometric morphometric analyses. Eighteen landmark points were chosen to quantify notothenioid body shape variation. Landmark points 1-17 are homologous to those used in Muschick et al. (2012, Figure S5 ). Supplementary Figure 5: BEAST reanalysis of the MP-EST species tree topology. A) Phylogeny resulting from rerunning the BEAST analysis with the best-supported model combination, constrained to the topology of the MP-EST species tree (see Supplementary Figure 4) . B) Comparison of posterior distributions resulting from the topologically unconstrained and constrained BEAST analyses of the combined data set, with the best-supported model combination according to AICM (models 12 and 12* in Supplementary Table 5) . Density distributions of Kendall-Moran diversification rate estimates in the posterior sample of 1000 trees resulting from the BEAST analysis of the combined data set and with the best-supported model combination (dashed line), mean values of these distributions (vertical black line), and rate estimates for the MCC tree (orange line) and the reanalysed MP-EST tree (blue line). The density distributions of simulated phylogenies, sampled with random sampling and the semi-diversified sampling scheme (see Supplementary Text 4) , are shown as light gray shapes and dark gray lines, respectively. In A)-E) and K)-O), empirical phylogenies were trimmed to include only representatives of the Antarctic clade, and simulated phylogenies were conditioned on the age and species richness of this clade. In F)-J) and P)-T), the full empirical phylogenies were used, and simulated phylogenies were conditioned accordingly. A)-J) and K)-T) differ regarding the model used for simulated phylogenies (Yule or birth-death), but densities of diversification rates of empirical phylogenies are identical between these two sets. Orange, blue, and black asterisks indicate that rate estimates for the MCC tree, the reanalysed MP-EST tree, or mean rate estimates for the sample of 1000 trees, respectively, are larger than the 95% (*), 99% (**), or 99.9% (***) quantile of rates found in simulated phylogenies, after application of semi-diversified sampling.
Supplementary Figure 2:
Bovichtus diacanthus Cottoperca trigloides
Tortonian (11.6-7.2 Ma) Messinian (7.2-5. Tables   Supplementary Table 1 : Gene information for sequence markers. Symbol and name refer to the official gene symbol and name in zebrafish, as listed in the ZFIN database (Sprague et al. 2006) . Synonyms are given as used in the reference. The location column specifies the location of the marker sequence within this gene, and length refers to the length of each marker's sequence alignment. See references for primer information. Per species, sample size and the mean values for the first two canonical variates of body shape, as well as body size (in cm), buoyancy and sea surface temperature (in • C) are listed. For body size, we used maximum terminal lengths (TL) reported by Gon & Heemstra (1990) . For species, for which maximum lengths were given as standard lengths (SL) in Gon & Heemstra (1990) , we transformed these values to TL based on per-species mean TL/SL ratios empirically determined from specimens included in our data set. 
Supplementary
